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CoiisiZerinp t h a t  the  various schemes of spacecraf t  rendezvous 
w i t h  o r b i t z l  s t a t i o n  co3s is t  of th ree  s t ages ,  and t h a t  eit5er of these 

s t a g e s  cone i s t s  in its turn of three yhascs, t h e  present  work is devoted 
t o  the  problem of spacecraf t  p i d a n c e  a t  long-range rendezvous phase with  
o r b i t z l  s t a t i o n ,  u t i l i z i n g  t h e  second de r iva t ive  of the  relative remote- 

ness  for information on l ine-of-s ight-rotat ion El]. 

8 

The problem of convergecce ana rendezvous i n  o r b i t  h a s  a t t r a c t e d  

i n  the  course of tile past  few years t h e  a t t e n t i o n  of numerous s p e c i d l i s t e .  
As e r e s u l t ,  there  emerged a suke tan t i a l  number of organizat ional  schemes 

f o r  spacecraf t  rendezvous process w i t h  o r k i t a l  s t a t i o n .  These schemes can 
be subdivided i r t o  th ree  s t ages  E l l ,  ( 2 3 ,  c31 : 

1.- Oirec t  launchin.-: of spacecraf t  i n t o  t h e  o r b i t  plane of the 

space s t a t i o n .  
2. - Util izat ior :  of ?hasing ellipse or  of parking o r b i t .  
3 .- ??oncoplacar f l i r h t  . 
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In  its turn ,  any of t he  indicated rendezvous schemes cor,sist  

of three phasee: 
1.- The ac t ive  region. 
2.- The passive f l i g h t  re8ion. 
3.- The escape region t o  e t a t ion ' s  o r b i t  and maneuvers requi red  

for rendezvous mater ia l izat ion.  
The guidance is also realized correspozdingly with the  th ree  i n d i -  

Thns, i n  t h e  first phase, the problem resolved is, i n  essence, t h a t  
cated phases for rendezvous. 

of br inging ou t  tke spacecraf t  i n t o  t h e  pre-assigned orb i t .  
In t he  second phase, guidance is reduced t o  the  s e l e c t i o n  of its 

course from the  con l i t i on  of co l l i s ion  with the  s t a t i o n  without applying 
t h r u s t  [l]. - This phase nay be ca l led  long-range guidance. 

The t h i r d  phase c o n s i s t s  in t he  ma te r i a l i za t ion  of convergence 
ve loc i ty  decrease t o  Cero and of coasting. A t  times, t h i s  phase is r e f e r r e d  
t o  as short-range .@dance. 

The present  work b concerned with the  problem of spacecraf t  guidance 
in the  l o n p r a n g e  rendezvous phase with the o r b i t a l  s t a t i o n ,  u t i l i z i n g  the  
second der iva t ive  of r e l a t i v e  remoteness f o r  information on l ine-of-sight 
r o t  a t  ion. 

The condition t h a t  has t o  be s a t i s f i e d  by the  r e l a t i v e  motion of 
spacecraf t  and o r b i t a l  s t e t i o n  in t h e  rendezvous phase under consideration, 
c o n s i s t s  in t h n t  the r e l a t i v e  ve loc i ty  vector  coincides  as prec i se ly  as 
poss ib l e  w i t h  the l i n e  of s i g h t  [l]. 

1. EQUATIONS OF SPACECRAFT'S RELATIVE XOTION 

Let u s  consider a rectzngular i n e r t i a l  system of coordinates  

(X,Y, 2) w i t h  origin at the  Earth 's  mass center ,  whose axes form the  
right-handed system (Fig. 1) . 

Two point  move i n  t h a t  system: the  point  1, t h a t  is, the  space- 

We s h a l l  construct  a system of coordinates  (3, q, f' 
craft  (XI, Y l ,  21) ; point  2 - t h e  o r b i t a l  s t a t i o n  (X2, Y2, 22). 

center a t  the  poin t  ( X l , Y 1 ,  8 1 ) .  so t h a t  the axis of both system6 are 
p a r a l l e l  C43. 

with the  
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Let us consider the  motion of the poin t  ( X 2 , Y 2 ,  Z 2 )  in the  system 
(3, q, t ), t h a t  t h e  motion of the former r e l a t i v e  t o  t h e  po in t  (X1, Y1, 21). 
The coordinates of the poin t  (X2,Y2,Z,) are l inked  in the  r e l a t i v e  system 
of coordinates  with t h e  coordinates i n  the i n e r t i a l  system by the  following 
co r re l a t ions  

Upon d i f f e r e n t i a t i n g  these co r re l a t ions  twice, we may write the  
equations of notion i n  the r e l a t i v e  system of coordinates ( j q r ) a s  follows: 

where 

are the equations of motion of the po in t s  in  the i n e r t i a l  system of coor- 
dinates under t h e  ac t ion  of the  pre-assigned systems of forces.  

The inves t iga t ions  of the r e l a t i v e  motion could be conveniently 
conducted in the  s p h e r i c a l  system of coordinates, Let u6 write the equa- 
t i o n s  i n  the  sphe r i ca l  system of coordinates ( D €1 €2) ( see Fig, 2). 

The equations of l h k  have t h e  form : 

J = D C 0 6  E l  COS t2, 

'3 = D 6 b  €1 , (3) 
J = D C O S  €1 S h e 2  

The equations of r e l a t i v e  motion in t h e  s p h e r i c a l  system of 
coordinates have the  form : 

e */e 0 
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Let  us consider a t  f u r t h e r  length  the  following p a r t i c u l a r  
case of r e l a t ive  notion. 

hsume t h a t  the spacecraf t  and the  o r b i t a l  s t a t i o n  are s i t u a -  
ted  in free f l i g h t .  A s s u m e  also, t h a t  t he  r e l a t i v e  remoteness is eo 

small t h a t  t h e  inf luence of the g r a v i t a t i o n a l  f i e l d  upon the re la t ive 
motion can be neclected. Then, the equations (2) w i l l  take the form: 

" 
( 5 )  

and t he  equations (4) w i l l  be wr i t t en  as follows: 

2 - 2  .. 
D - D D - D C 0 8 % t 2  = O  

In t eg ra t ing  the equations (61, we s h a l l  ob ta in  the  expression 
for t he  r e l a t i v e  remoteness 

where 

here V, is t he  r e l a t i v e  ve loc i ty  a t  a certain zero 

Do and Do are respec t ive ly  the r e l a t i v e  remoteness 

of convergence at  the sane moment of time, V n l  

. moment of time, 
and the  ve loc i ty  

a d  V d  me 
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the  r e l a t i v e  ve loc i ty  component6 in a plane perpendicular t o  the r e l a t i v e  
remoteness ( l i n e  of sight), which are l inked with the  sphe r i ca l  coordina- 
tes as fo l lows:  

Vnl = D 4. 
Vn2 = Dcos el t2. 

are  t h e i r  values a t  t he  moment of time sero. 'n10 and 'n20 
One of the first in t eg ra l s  of the  system ( 6 )  is the  energy i n t e g r a l  

It f01lOws from formula (7) t h a t  if Vnlo f 0 and Vnz0 # 0 ,  

the converging devices w i l l  a t t a i n  the l e a s t  r e l a t i v e  d is tance  at the 

moment of time . 

and then wilZbegin t o  d r i f t  away. 
The square of t h a t  

2. - OH THL; UTILIZATION OF THE SECOND DEZIVATIVE OF REIfiOTENESS 

FOE TI?; INFORFIATION ON SIGHTIIJG LINE ROTATION 

We examined i n  the f i r s t  chapter t h e  model of r e l a t i v e  notion 
i n  a force-free f i e ld .  If the s p a t i a l  device ( spacecraf t )  is in free 
f l i g h t ,  or moves under the act ion of an ac t ive  force,  apgl ied along t he  
normal t o  t h e l i n e  of s i g h t ,  the  f i r s t  equation of the  syetem ( 6 )  is val id :  

.. 
D - D Y -  Dcos2  €2 = O  

Nultiplying this equation by D, we s h a l l  obtain 

DD t I? €12 - D2cos261 ;: (10) 
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The right-hand p a r t  of the equation (10) represents  t h e  square 
of  the  ve loc i ty  component perpendicular t o  the  l i n e  of s i g h t .  

W e  have i n  t ru th :  

2 2 Dfl= Vnl + Vnz 
It follows from t h e  equation (U), t h a t  at D =E 0 ,  

Vnl = Vnz = 0 ,  t h a t  is, t h e  conditions for p a r a l l e l  convergence are 
satisfied.  Inversely,  at Vn1=Vn2 ' 0 ,  we shall have D =E 0. 

as t he  source of information onl ine-of -s ight  r o t a t i o n  in a force-free 

f i e l d ,  i s t e a d  of t he  angular veloci ty .  

f ron  t h e  equation (111, parameter 5 cannot take negative values, t h a t  is, 

we always have D 2 0 .  

m 

Therefore, t h e  second der ivc t ive  of r e l a t i v e  remoteness can serve 

.. 
Note one i n t e r e s t i n g  property of t he  parameter D. As follows 

0 

Let us rewrite t h e  equation (11) i . the  form 

4 

where V -is t he  r e l a t i v e  ve loc i ty .  

It follows from t h i s  last equation t h a t  for a given value of the  
r e l a t i v e  ve loc i ty ,  t h e  g rea t e s t  value of 5 
ment of the  condition 
d is tance  between t b e  
teness  D is near sera, t h a t  is, at D -+ 00 , the second de r iva t ive  of 
t he  r e l a t i v e  remoteness approaches Cero. 

t,, 5, and Di) with 

is obtained at  time of fulfill- 
b =0,  t h a t  is, at time of a t t a i n i n g  the  minimum 

converging bodies, and at very great relative rem- 
.a 

Fig. 3 shows t h e  var ia t ion  of parameters 

From t he  first equation of the  system ( 6 )  we may obta in  t h e  cor- 
time . 
r e l a t i o n  

which allows t o  compare among themselves the  measurement p rec i s i ans  of 
angular ve loc i ty  s i g n a l s  and of the second der iva t ive  of remotenees. 



'. 

The p a r t i a l  de r iva t ives  
-. 

are proport ional  t o  the  r e l a t i v e  ve loc i ty  component in a plane perpendi- 
c u l a r  t o  the  l i n e  of sight .  

It w a ~  pointed out  above, t h a t  at  t h e  long-range rendezvous 
phase the  guided spacecraft homing must be e f f ec t ed  in such a way,  t h a t  
the r e l a t i v e  ve loc i ty  vector  coincide as prec i se ly  as poss ib le  with t h e  
l i n e  of sight.- Usually, f o r  the so lu t ion  of t h i s  problem the  guiding 
ac t ion  i s  d i rec ted  along the  normal t o  the  l i ne  of s i g h t ,  so t h a t  t he  
problem of guidance amouxts t o  the s t a b i l i z a t i & n  of t h e  line of s i g h t  in 

t h e  i n e r t i a l  space (X, Y, 21, the guiding s i g n a l  being t h e  angular ve loc i ty  
of t he  l i n e  of s igh t .  If we u t i l i z e  the  second der iva t ive  of relative re- 
moteness for information on line-of-sight r o t a t i o n ,  while t h e  guiding 
ac t ion ,  induced by t h e  engine of spacecraf t ,  is d i rec ted  along t h e  line 
of s i g h t  i n  tliis case too, t he  equations of r e l a t i v e  motion will b e :  

where fl ( 5 )  
spacecraf t .  

and f2 (5) are the guid ing  acce lera t ions  a c t i n g  upon t h e  

Therefore, i t  is p o a i b l e  t o  cons t ruc t  a closed guidance system 
a t  the  long-ran- rendezvous phase by merely conducting measurements of 
t he  second der ive t ive  of r e l a t i v e  remoteness with, for exnnple, t h e  aid 
of the  Doppler effect ,  and u t i l i z i n g  thE information obtained for t h e  
fornula t ion  of the aypropriate guidance. It should be noted at t h e  Bame 

time, t h a t  one channel ( t he  l i n e  of s i g h t )  is u t i l i z e d  t o  obtain the  in- 
formation about the  r e l a t i v e  motion, while t h e  o the r  two, perpendicular 
t o  the first, serve t o  achieve p i d a n c e  by the  motion of spacecraf t ' s  
cen te r  of masses. 
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